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1. 


INTRODUCTION 


In the first part of the present memoir, it was shown from theoretical con- 
siderations of a very general nature that when X-radiations traverse a crystal, 
their passage could result in exciting vibrational transitions in the energy 
levels of the crystal and as a consequence of such excitation lead to a reflection 
of the incident X-rays by the lattice planes of the crystal with a change of 
frequency. The theory indicated it as an essential condition for such a pro- 
cess to occur that the vibrational transitions in question are effective as absor- 
bers of infra-red radiation of the appropriate frequency. The phenomenon 
here envisaged is quantum-mechanical in its nature; in other words, vibra- 
tional transitions would be excited and would be accompanied by X-ray 
teflections of altered frequency even when the frequency of the vibrations 
is so high that they would not be thermally excited to any appreciable extent. 
However, considerations of a purely classical nature assist in elucidating the 
nature of the phenomenon and in deducing its observable features. The 
infra-red activity of a vibrational mode in a crystal arises because it involves 
a periodic displacement of the electronic clouds in the crystal with the same 
frequency; such a displacement would result in an oscillation of the stratifi- 
cations of electron density which reflect the X-rays traversing the crystal and 
hence also to dynamic reflections of altered frequency. 


Perhaps the most striking feature of the theory expounded in Part I is 
the connection which it indicates between the behaviour of a crystal in X-ray 
diffraction and the activity of the modes of its internal vibration in the absorp- 
tion of infra-red radiation. The particular case of diamond is of special 
interest in this connection. For, as was shown in Part II of the memoir, 
theoretical considerations indicate that diamonds should be forthcoming in 
forms which differ in the inner symmetry of their electronic configuration 
and hence also in their infra-red behaviour. The detailed discussion showed 
that the diamonds of which the inner symmetry is octahedral would not 
exhibit dynamic X-ray reflections, whereas those diamonds of which the 
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symmetry is tetrahedral would exhibit such reflections. In other words, 
the case of diamond enables us to put the relation between X-ray diffraction 
and infra-red activity to a direct experimental test. Further, it was also 
shown in Part II of the memoir that in the case of diamond, we are con- 
cerned with three modes of vibration which are respectively parallel to the 
three cubic axes of crystal and hence variously inclined to the lattice-spacings 
in it. As a result, the dynamic reflections by these spacings differ both in 
their number and in their geometric configuration in a highly characteristic 
fashion. Thus, the application of the general theory to the particular case 
of diamond furnishes us with abundant material for comparison with the facts 
of experiment. 


2. THE TETRAHEDRAL AND OCTAHEDRAL FORMS OF DIAMOND 


Three diamonds employed in the present investigation are represented 
in Plate I. The first is a cleavage plate parallel to the (111) spacings of the 
crystal. The second is a flat tabular crystal in its natural form as a hexagonal 
plate with faces parallel to the (111) planes. Thethird isa thin facetted plate of 
diamond with its faces nearly parallel to the (111) planes. All three diamonds 
are perfectly colourless, without any visible cracks or inclusions in their 
interior and obviously of the highest quality. Nevertheless, the first two § 
diamonds differ enormously in their physical behaviour from the third, as 
is apparent from a comparison of the photographs reproduced in the Plate. 
We proceed to explain how these photographs were obtained. 


The photographs on the left-hand side were recorded by placing the 
diamond against a fluorescent screen. (This was a slab of lithium fluoride 
crystal impregnated with a little uranium oxide.) The A 2537 radiation from 
a water cooled magnet-controlled mercury arc in quartz was isolated by a 
a monochromator and allowed to fall on the diamond and then on the 
LiF-UO, screen placed behind it, and the fluorescence excited in the latter 
was photographed from the rear. The photographs on the right-hand side 
of the Plate were obtained in a very simple manner. The diamond was 
placed between two crossed polaroids and photographed as seen through 
them against a bright source of light. It is seen from the photographs repro- 
duced in Plate I that the cleavage plate and the tabular crystal are both per- 
fectly opaque to the \ 2537 radiations of the mercury arc and that they exhibit 
not a trace of birefringence, in other words that they are truly and perfectly 
isotropic crystals. On the other hand, the thin facetted plate is completely 
transparent to the » 2537 radiations of the mercury arc, but it exhibits a feeble 
but nevertheless readily observable birefringence pattern with definite geometric 
features related in their orientation to the structure of the crystal. 
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Diamond is, in effect, a giant macro-molecule of carbon. Hence a speci- 
men of it which exhibits no detectable birefringence, in other words, is opti- 
cally homogeneous, may, prima facie, be expected to make a close approach 
to the ideal state of crystal perfection. Per contra, a specimen of diamond— 
which exhibits over its entire area, a geometric pattern of birefringence 
however feeble it may be in intensity—must necessarily be regarded as very 
remote from such ideality. A striking confirmation of the correctness of 
these remarks is furnished by the results of a simple experimental test in which 
the diamonds figured in Plate I were used as X-ray spectrometers to resolve 
the Ka, and Ka, radiations from a copper target. The X-ray beam from the 
target diverged through a fine slit and fell on the diamond in an appro- 
priate setting placed at a distance of 5 cm. from the slit. The surface reflec- 
tion of the X-rays by the (111) planes of the crystal was recorded on a photo- 
graphic film held at a distance of about 100cm. The spectrograms recorded 
with the flat tabular diamond and by the facetted plate are reproduced as 
Fig. 1 (a) and 1 (b) respectively in Plate II. A very great difference between 
the two diamonds in regard to the degree of their crystal perfection is indi- 
cated by the difference in the two spectrograms. But the actual difference 
is even greater. For, the width of the Ka, and Ka, lines as recorded in 
Fig. 1 (a) in Plate II represents the natural spectral widths of these radiations 
and is therefore not a true measure of the crystal perfection of the tabular 
diamond. To obtain a true measure of that perfection, it is necessary to 
adopt a spectrographic technique in which two crystals of diamond are 
employed. The results of that technique are depicted in the series of spectro- 
grams reproduced as Fig. 2 (a), (b), (c) and (d) of Plate II and in Figs. 1 (a), 
(b) and (c) of Plate X. We shall revert to the details of the technique and the 
significance of the results obtained with it in a subsequent section of the 
present paper. 


Studies on the infra-red absorption spectra of diamond have established 
the fact that diamonds which are completely transparent to the A 2537 radia- 
tions of the mercury arc in the ultra-violet are also completely transparent 
to infra-red radiations over the entire range of the characteristic frequencies 
of vibration of the structure of diamond ranging from 1332 cm.—! downwards 
to longer wavelengths. Per contra, the diamonds which are opaque to the 
A 2537 radiations also exhibit a marked absorption over that entire range 
of infra-red wavelengths. It is thereby established that diamonds of the 
former kind possess an inner electronic configuration which has the full or 
octahedral symmetry of the cubic system, whereas the diamonds of the latter 
kind possess an electronic configuration which possesses the lower or tetra- 
hedral symmetry of that system. The remarkable fact that diamonds with 
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a lower degree of symmetry are highly perfect crystals, while those with 
a higher degree of symmetry are highly imperfect receives a natural explana- 
tion on the basis of the theory of the structure of diamond expounded in 
Part II of the memoir. As there explained, the tetrahedral diamonds are 
those in which each dextro-carbon atom is linked to four levo-carbon atoms 
and likewise each levo-carbon atom is linked to four dextro-carbon atoms, 
There is thus no physical difference between the two sub-species Td I and Td II 
of the tetrahedral class of diamonds but only an interchange in the descrip- 
tion of the two lattices which constitute the structure. On the other hand, 
the octahedral type of diamonds consists entirely of dextro-carbon atoms or 
entirely of levo-carbon atoms; the two sub-species Oh I and Oh II are there- 
fore physically different. These circumstances are clearly favourable for the 
Td diamonds exhibiting a high degree of homogeneity and for the Oh 
diamonds to be markedly heterogeneous in their texture. But there is another 
and a deeper consideration which has also to be borne in mind. When a 
dextro-carbon atom is linked to a levo-carbon or vice versa, the two electrons 
shared between them describe their orbits about the valence direction in the 
same sense. On the other hand, when a dextro-carbon atom combines with 
a dextro-carbon atom or a levo-carbon atom with a levo-carbon atom, the 
shared electrons describe their orbits about the common valence direction 
in opposite senses. It would seem that a homogeneous structure extending 
through large volumes would be more likely to appear in the former case than 
in the latter. 


It is appropriate at this stage to remark that it is the perfect diamonds 
belonging to the tetrahedral class that exhibit the phenomena of dynamic 
reflection of X-rays, while it is the imperfect diamonds of the octahedral 
type that do not show those phenomena. This is in agreement with the indi- 
cations of the theory developed in Part II of the memoir. But it is necessary 
to demonstrate that the failure of the octahedral diamonds to exhibit dynamic 
reflections is not ascribable to their imperfection of structure, but is a conse- 
quence of their inactivity in infra-red absorption. We shall revert to this 
presently. 


3. DYNAMIC X-RAY REFLECTIONS AND CRYSTAL SYMMETRY 


Figure | in Plate [II is a Laue photograph of a cleavage plate of diamond 
whose faces are parallel to the (111) planes of the crystal. The crystal was 
set exactly normal to a fine pencil of X-rays from a copper target. The pic- 
ture shows perfect trigonal symmetry not only with regard to the ordinary 
or Laue reflections but equally also with regard to the dynamic reflections 
appearing in the vicinity of the hexagonal corners of the print adjacent to 
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the intense (111) Laue spots. Figure 2 in Plate III isa similar photograph 
taken in similar circumstances with a crystal of diamond which exhibits 
twinning of the spinel type. It will be seen that this pattern exhibits hexagonal 
symmetry in all its features, including especially the dynamic reflections which 
are seen at all the six corners of the hexagonal print. The fact clearly evident 
from Figs. 1 and 2 in Plate III that the dynamic X-ray reflections of diamond 
exhibit the symmetry of the crystal in the same manner and to the same 
extent as the static reflections is obviously of the highest significance. Taken 
in conjunction with the circumstance that the diamonds which exhibit the 
dynamic reflections are perfect and indeed—as will appear presently—are 
ideal crystals, it demonstrates the correctness of the view expressed by the 
author in the original publication of the year 1940 that these phenomena exhi- 
bited by diamond are fundamental in their nature and of the highest import- 
ance in relation to the theory of X-ray diffraction in crystals. 


As already remarked earlier, the fact that the dynamic reflections are 
not manifested by the diamonds of octahedral symmetry is a confirmation 
of the theoretical ideas set out in Part I of the memoir. But the circum- 
stance that these diamonds are imperfect tends to create some doubt in the 
matter. Very frequently, indeed, diamonds of this class give distorted Laue 
patterns. Hence a critical observer might be disposed to infer that it is this 
imperfection rather than the inactivity in infra-red absorption which is res- 
ponsible for the non-appearance of the dynamic reflections. To dispel such 
an impression, it is necessary to investigate the matter with carefully selected 
material. The intensity of the birefringence exhibited by these diamonds is 
a measure of the imperfections in their structure. It is therefore desirable 
to select a specimen in which such birefringence is of extremely low intensity. 
The specimen illustrated in Figs. 3 (a) and 3 (6) in Plate I was found to be 
the best available in this respect. Even so, the mosaicity of its structure 
exhibits itself in a notable enhancement of the intensity of the Laue spots 
in its diffraction patterns. Such enhancement is particularly striking in the 
case of spots that are only feebly recorded with diamonds of the tetrahedral 
class. Even such a weak effect as the diffuse X-ray scattering due to thermal 
agitation is recorded with greatly enhanced intensity by this specimen. But 
there is no observable distortion of the Laue spots, and had the dynamic 
reflections been present, they would have been very striking features in the 
recorded patterns. Actually, not a trace of them is observable in Figs. 1 (6) 
and | (d) in Plate VIII which were recorded with this diamond in appropriate 
settings. For the sake of comparison, the patterns recorded with the tetra- 
hedral diamond in identical settings are reproduced as Fig. 1 (a) and 1 (c) 
side by side with them in the same Plate VIII. 
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Sm C. V. RAMAN 
4. OBSERVABLE FEATURES OF THE DYNAMIC REFLECTIONS 


The following special points are worthy of mention: 


I. As the dynamic reflections by diamond are a consequence of 
the excitation by the incident X-rays of an infra-red vibration 
of high frequency, variations of temperature within wide limits 
should be entirely without effect either on the intensity or the 
sharpness of these reflections. 


Il. As a result of the crystal perfection of diamond, the ordinary 
reflections of monochromatic X-rays would demand a very 
precise setting of the crystal for their observation, on either 
side of which they would disappear completely. The dynamic 
reflections would coincide with the static reflections at the 
correct setting, but would not disappear when the setting is 
altered. Their intensity would however fall off rapidly as the 
crystal is moved away from the correct setting in their direction. 


Ill. The dynamics of the excited vibration in diamond demands that 
the phase-waves which determine the direction in which the 
dynamic reflections appear are precisely normal to one or 
another of the cubic axes of the crystal. As a consequence, 
the reflections would be very sharply defined, being indeed in 
this respect almost comparable with the static reflections. 


IV. By making observations of the directions in which the dynamic 
reflections appear, it is possible to determine the orientation 
of the phase-waves. The most suitable arrangement for such 
determination is to place the crystal so that one of the cubic 
axes lies in the plane of incidence of the X-rays on the (111) 
planes, and then to alter the setting in such manner that the 
plane of incidence does not change. The geometric law of 
dynamic reflection takes a very simple form in this case and 
a precise measurement of the orientation of the phase-waves 
becomes possible. 


The various special features referred to above were all fully established 
by the observations made by the author and his collaborators in the months 
following the original publication of April 1940. Detailed reports of those 
studies appeared in the Proceedings of the Indian Academy of Sciences 
in the years 1940 and 1941. It would be superfluous here to traverse the 
same ground or to comment on the literature of a controversial nature pub- 
lished from other laboratories on the subject then and subsequently. To 
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make the present memoir complete, however, a series of photographs showing 
the dynamic reflections by the (111) planes, (220) planes, (311) planes and 
(400) planes of diamond in various settings are reproduced as Plates IV, V, 


of VI, VII, VIII and IX accompanying the present paper. A comparison of 
n the features noticed in this series of photographs with the theoretical diagrams 
ts given in Part II of the memoir will show how complete the agreement is 
e between fact and theory. 
5. SPECTRAL ANALYSIS OF X-RAY DIFFRACTION 
y We now return to a detailed description of the technique which enables 
7 a spectroscopic analysis to be made of the X-ray diffraction phenomena exhi- 
ic bited by diamond. The general nature of this technique to which a brief 
reference was made earlier will be evident from Fig. 1, text. A powerful 
is source of X-rays from a copper target passes first through a wide slit and then 
1€ Roy source 
at Coarse alt 
le 
in 
ic 
Fic. 1 (Text) 
ic through the diamond under study. The rays internally diffracted by the 
1) (111) planes of this diamond are restricted by a fine slit through which they 
le pass before they are incident on the surface of a second perfect diamond 
of which functions as a spectrometer. The rays reflected externally by the 
id second diamond are received and recorded on a photographic film placed 
> at a distance of 100cm. The actual technique consists in rotating the first 
diamond in steps through very small angles over a total range of a few 
d minutes of arc. What is actually recorded on the photographic film is the 
“ spectrum of X-radiation in the narrow range between the Ka, and Ka, lines 
i and perhaps a little more on either side of them. 
es The nature of the results obtained will be evident from a scrutiny of 
e the series of spectrograms reproduced as Figs. 2 (a), (6), (c) and (d) in Plate I 
and the three others which appear as Fig. 1 (a), (6) and (c) in Plate X. The 


latter three have been enlarged so as to be readily comparable with the single 
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crystal spectrogram appearing as Fig. | (a) in Plate II. The most significant 
feature of the series of spectrograms is the appearance of an extremely sharp 
line which drifts in its position as the diamond is rotated. The spectral 
width of this sharp line is not more than about a tenth of the natural width 
of the Ka, or the Ka, radiations. It represents the super-monochromatic 
radiation manufactured by the first diamond from the incident white radia- 
tion by Laue reflections at the (111) stratifications. Its extreme sharpness 
reflects the extraordinary perfection of the diamond. 


It will be seen that the relative intensities of the Ka, and Ka, lines differ 
enormously in the different spectrograms. That they persist over the whole 
range of settings of the diamond clearly shows that they represent the dynamic 
reflections of the Ka, and the Ka, radiations by the (111) planes of the first 
diamond. The static reflections of those radiations are recorded only at 
the precise settings at which those reflections are possible. 
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7. SUMMARY 


Studies on the crystal perfection of diamond by single-crystal and the 
double-crystal X-ray spectroscopic methods demonstrate that the non-birefrin- 
gent diamonds which are infra-red active and possess only tetrahedral sym- 
metry in their electronic configuration are extraordinarily perfect and are 
indeed ideal diamonds. It is these diamonds that exhibit the phenomena 
of dynamic reflection of X-rays. The detailed studies of the phenomena 
show that the experimental facts of the subject are completely in agreement 
with the results of the theory expounded in the first two parts of the memoir. 
The non-appearance of the dynamic X-ray reflections with the diamonds 
which have an octahedral symmetry of electronic configuration is shown 


to be consequential on these diamonds being inactive in the absorption of 
infra-red radiation. 
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Fic. 1. Exhibiting the dynamic reflections by the (111) planes at various settings. 
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Fic. |. Exhibiting the dynamic reflections by the (220) planes at various settings. 
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Exhibiting the dynamic reflections by the (111) planes at the left and by the (113) 
planes at the right. 
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Exhibiting the dynamic reflections by the (400) planes at the left. 
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Fic. 1. Exhibiting the dynamic reflections by the (111) planes of tetrahedral diamond on 
the left and their absence with octahedral diamond on the right. 
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Fic. 1. Laue patterns of octahedral diamond showing irtense reflection by the 
(111) planes at different settings. 
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CLINOHUMITE SAUSAR SERIES, BHANDARA 
DISTRICT, INDIA 


By T..N. Mutuuswami, F.A.Sc. 
(Department ‘of Applied Geology, University of Saugar’) 


Received May 3, 1958 


INTRODUCTION 


THIs paper gives a mineralogical account of the humite mineral, clinohumite 
occurring in the dolomitic marbles of the Bichua stage of the Sausar series. 
This series—a member of the Archean rocks of the Bhandara District, 
Madhya Pradesh, has been studied in great detail by Sir Lewis Fermor and 
the occurrence of the mineral has been reported by him (1921). However, 
so far there has not been any detailed study of any humite mineral occur- 
ting in India. The dolomitic marble specimens with the humite mineral 
were kindly made available by Dr. W. D. West from the collections he made 
with his student Mr. Manjrekar. The exact location is near Baoli, on the 
Bhawanthari river, about ten miles north-east of Deolapar. 


GEOLOGICAL SETTING 


The Archean terrane has been subjected to intense folding. It is in 
this classic ground that West (1926) has recognised nappe structure. The 
regional metamorphism is obviously connected with the folding movements 
of the originally horizontal sediments. The associated granites and injec- 
tion gneisses are a natural accompaniment of folding. The impure dolomitic 
rocks have been metamorphosed to schists with anthophyllite and cordie- 
rite and the pure limestones to marbles with forsterite. In this regenera- 
tive process, the pneumatolytic ‘effect of fluorine, that usually accompanies 
acid intrusives, is observed in the partial and complete conversion of for- 
sterite to humite minerals. 


The marble is white to greyish white, equigranular showing no well 
defined foliation, with calcite, diopside forsterite, the humite mineral, phlogo- 
Pite, tremolite and spinel. Weathered rocks show the harder minerals in 
relief, calcite and phlogopite having been leached away. The humite mineral 
occurs in isolated grains or aggregates, giving rise to a streaky or banded 
A2 9 
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character to the rock. Lenticular concentrations, with insets of blue spinel 
are fairly common. 


MINERALOGY 


Clinohumite is one of the four members of the humite group of minerals, 
The designation humite mineral refers to any one of the four minerals, 
The humites are neo-silicates of magnesium containing hydroxyl and fluorine. 
The general formula is Mg (OH, F),—nMg,SiO,, where n may be 1, 2, 3 
or 4, as shown below. Taylor and West (1928, 1929) have determined by 
X-ray studies, the structure of the humite minerals. They are made of 
interleaved slabs of Mg (OH, F), and Mg,SiO,. The arrangement of the 
slabs is as follows: In norbergite n being 1, one slab of forsterite (Mg,SiO,) 
is interleaved with one of Mg (OH, F).; in chondrodite n equals 2, resulting , 
in two slabs of forsterite following one of Mg (OH, F).; 2 is 3 in humite 
and 4 in clinohumite; hence every fourth slab in the former, and every fifth 
one in the latter, is forsterite. 


It is a common feature of the humite minerals to show a diadochical 
replacement of Mg?+ by Fe?+ and Mn?*; also a part of OH- by F-. The 
ionic radii of Mg*+, Fe?+ and Mn** are 0-78 A, 0-83 A and 0-91 A respec- 
tively. No complete hydroxyl end member, corresponding to brucite, 
Mg (OH), seems to be present. Humite synthesis (1955), using hydrothermal 
techniques has been achieved. The hydroxyl end member has not resulted. 
Fluorine and hydroxyl are in the proper relationship to each other, as far 
as ionic size and charge are concerned, and hence efficiently exchange one 
for the other. Studies of anion exchange of (OH) by F-, in silicate struc- 
tures have been made by infra-red spectroscopy (1957) and these have con- 
firmed the ionic substitution. If a complete replacement of OH- by F- 
results, the fluorine end member sellaite MgF, will result. But the struc- 
tural pattern of the end member brucite Mg (OH),, will be of the cadmium 
iodide type, while that of sellaite MgF, will be of the rutile type. 


The slabs are arranged parallel to the basal pinacoid (1892, 1951); 
however some mineralogists take the arrangement as parallel to the 4 pina- 
coid (1944, 1953); 4 and b are essentially constant in absolute length. Since 
the slabs are packed in the direction of crystallographic c-axis, the length 
of this axis changes in a regular way, and is proportional to the number of 
Mg atoms in the mineral formula, which are 3, 5, 7 and 9. 


The crystallographic and other data are given in Table I. 


METHODS OF STUDY 


The humite mineral was separated from dolomitic marble. The rock 
was crushed and ground to pass through sixty mesh. Grains in lots of 
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3-5 were examined under the microscope; the strong pleochroism brought 
out vividly the contrast between clinohumite and any other foreign grain 
or impurity. Grain after grain was thus picked out for chemical analysis 
and X-ray powder pattern. The method, though laborious eliminated all 
foreign material excepting pigments. Sahama has advocated a preliminary 
X-ray analysis, to ensure the purity of the sample under study. Saham 
who kindly gave his authoritative opinion on the mineral wrote* “The powder 
pattern is good, and I could not detect any other humite mineral with 
certainty. It is possible that a very small quantity of humite is admixed 
with the clinohumite sample. If present, the amount of humite is, however, 
extremely small, and as a matter of fact, I doubt its presence.” 


OPTICAL ; DETERMINATION 


The refractive indices were determined by the immersion method, 
Grains were selected from microsections, some showing maximum inter 
ference colours to determine a and y; grains which under convergent light 
showed one isogyre splitting the field were selected for determining 8. The 
cover slips were then removed by immersing the slides in xylol.. The selected 
grains were transferred to separate slides, those showing maximum inter 
ference colours being kept separate, from those required to determine f. 


The same grain was used to determine a and y. Repeated washings 
by xylol and distilled water eliminated any trace of the liquid used. After 
careful wash the grain was removed to another slide by a match stick. 
Independent determinations were also made on individual grains. Grain 
so picked out from microsections bring out the Beckeline effect clearly, be- 
cause of their being flat. The method though tedious is found very satis. 
factory to ensure good results. The R.I. of the liquid was immediately 
determined by the Billingham and Stanley refracto-meter. 


SPECIFIC GRAVITY 


The Specific Gravity was determined by a pyknometer and corrected 
to 20°C. 


CHEMICAL ANALYSIS 


This was kindly undertaken by Jun Ito of the Mineralogy Department 
of the Harward University (Mass). Fluorine value was obtained by H,0, 


and TiO, method and also by semiquantitative spectroscopic analysis fot 
CaF band. 


* Personal communication. 
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T. N. MUTHUSWAMI 
X-RAY DATA 


The powder diffractometer pattern of the sample was taken by Sahama 
with a Norolco diffractometer. A comparison with the pattern of his 
standard material (No. 865 + 9) Hameenkyla confirmed the identification. 
The data for the glancing angles 20, d spacings and intensities of the Sausar 
series mineral, and Sahama’s standard were kindly given by R. Natarajan 
of Harward University. 


Optic AXIAL ANGLE 


The determinations of 2V were made on the universal stage by direct 
rotation from one optic axis to another, as this is decidedly the best method 
to ensure accuracy. The optic axes positions are read on the outer east- 
west axis, for two settings of the readings, 90 degrees apart. The two 
readings for each axis are averaged. The difference between the two averages 
is recorded as 2V, after necessary corrections. This procedure compen- 
sates for inaccuracies in the optic plane setting. 


BIREFRINGENCE 


The value was determined by Berek compensator. 


The structural pattern of dehydrated clinohumite MgF,. 4Mg,Si0, 
has a basis of 16 O ions and 2 F ions or 17 O ions. The substitution of 
OH, by F does not alter the relation of Mg to Si-ions. The pure OH mineral 
has the composition Mg,Si,O,;OH),. The sum of the charges on the 
MgSi ions is 34 to balance the 17 O ions. Hence the ratio of Mg to Si for 
clinohumite, and similarly for any other humite mineral will be constant. 
For clinohumite this ratio is 9 to 4. For the mineral under study this 
ratio is 9-13-3-92, well within the results of analytical errors. 


Si: (O;,, OH, F) Ratio 


Ti** is usually considered to replace Si**. Geochemically, this replace- 
ment has been considered to be the most important one in silicates contain- 
ing titanium. Kunitz (1936), as a result of intensive investigation consi- 
dered that Ti-Si diadochy was common in garnets, amphiboles and micas. 
According to the recent trend of opinion in crystal chemistry, this mode of 
replacement is considered very limited because of the differences in the 
atomic radii of Si*t (0-39 A) and Tit (0-64 A). Ti%+ and Ti* favour sub- 
stitution of Al*+ (0-67 A) and Mg?+(0-78 A) in the structures. If then 
Ti+ ions (0-69 A) substitute Mg?* (0-78 A) of the brucite-sellaite slab, one 
should expect a similar substitution of the Mg** ions of the forsterite slabs 
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also of the humite mineral. However, there are evidences to indicate that 
the Ti-Mg diadochy is a restricted one confined to the brucite-sellaite slabs 
only. Firstly analysis of forsterite picked out from dolomitic marbles con- 
taining the humite mineral, shows an insignificant content of titanium, as 
recorded in the forsterite analysis from Ojama, Finland (1953). Secondly, 
as pointed out by Borneman-Starynkevitch and Mijasnikov (1950), analytical 
results agree better with the structural formula if titanium is not added to 
the magnesium of the forsterite slab. Thirdly, the crystal structure of TiO, 
is similar to that of MgF,; OH, when present, is not so far known to alter 
the structure. Perhaps the water of the cell content, in the brucite-sellaite 
slab, acts as a catalyst to initiate and aid the atomic substitution. 


If this assumption of restricted diadochy of Ti-Mg in the brucite-sel- 
laite slab is accepted, this would also involve a substitution of F in the slab 
by the O associated with Ti. Thus F will decrease as O and OH increase; 
However, the atomic ratio of any humite mineral—Si to (O,,, OH, F) will be 
constant and prove a diagnostic feature. For clinohumite the average ratio 
of thirteen selected analyses is given as 8: 4-20 (Table IV), while the theo- 
retical value should be 8: 4. The minimum for O,,, OH, F is 2-9 and the 
maximum is 5:3. In the clinohumite (this paper) this value is 3-45, well 
within the limits. In this connection, it may not be inappropriate to point 
out that the determination of H,O is a difficult problem in mineral analysis, 
and particularly so in the humite minerals. Water is tenaciously adsorbed 
in the cell structure. It also contains 89 per cent. of oxygen—a percentage 
much higher than any other oxide; this will inevitably result in errors in 
the oxygen atoms per unit cell even for a small percentage error in the 
analysis. Further water has a low molecular weight compared to others, 
which will also affect the computation. 


Or,, OH, F Ratio 


The next mode of interpreting the analysis is to find out if an increase 
of O;, goes with a decrease of F, with the three variables O,,, OH and F. 
Sahama has plotted in a triangular diagram, the three anions of selected 
analyses (Fig. 1). There are eleven plots in the diagram of Sahama. That 
marked (1) is the O,,, OH, F ratio of the mineral under study of values 
27, 54 and 19 (Table IV) respectively. Admittedly taken as a whole, the 
figure does not bring out the relationship it is intended to convey. Out 
of the twelve plots, seven are scattered far down below to formulate authori- 
tatively that an increase in Ox, results in a decrease of F. But neglecting 
the plots with low titanium content, a tendency in the direction expected is 
observed, The real difficulty seems to be this, Crystal lattices attain the 


na 

his 

yn. 

a 
an 

ect 

od 

wo 

ges 

en- 

10, 

of 

ral 
the 

for 

ant. 

this 

ain- 

nsi- 

cas, 

> of 
the 
sub- 
then 
one 

labs 


‘ 8761) 
‘ 761 


(8761) uosiey 
pur 
(8761) 
(F681) OMOH pur ployusog 


(€S61) 


| 
‘eIpuy ‘sollog iIesneg—iodeg 


—AI puv sof xapuy 


Aytaeiyy oytoeds 


83-8 oypeds 


069 
POLI | 8L9°T 
OOL*T | €49°L | 
169°T | | 


sonjea feondo 


06 
689°T 


€99°T 
939°T 


100 V 
LAS 

g 


I 
1g L8 LI 
6h 8 


1od—q ‘FO ‘HO 


| €6°€ | 80°9 | LO-F 


(a pue HO sisetq Jo 


I+HO+!Io. 


Il ol 6 8 L 9 


reo 
| 882 
o 
| 
. 
«| & | 28x | | 
. 
= RSx 
s| 3 
~~ 
| | | 
| | 
| | 
| 
; | | | 
a | N @ 
NX 
oD oe 
10 
Nn oe e 
| DeiNQ xdo o | 
~| 2 | ses] 838 
if 
| oo Neo | 
-| 2 | ges 
| 
| | 8 rant 


“wy 


SB, 


j Vesuvius Yale 4,143. 


(1928) 


Fenneid and HOWE (1674) 
Larsen 


Clinohumite Sausar Series, Bhandara District, India 


Fic. 1. Clinohumite (O,;, OH, F) ratio. 


ideal type only at the absolute zero of temperature. At all other tempera- 
tures, thermal vibrations produce defects either in the form of holes, or in 
some atoms not taking their legitimate positions. In the increased tem- 
perature of metamorphism the defects perhaps become much greater. 


PHYSICAL AND OPTICAL CHARACTERS 
Physical Characters 


Crystal form absent; subhedral, Colour—of shades of yellow, brown 
to dark brown often violetish in weathered specimens. Cleavage poor. 
H 5-5-6, fracture subconchoidal to conchoidal. Lustre vitreous. Specific 
Gravity 3-2. 


Twinned on 001, simple and polysynthetic—the bands of varying width; 
cracks usually present, 


/\/\/\ 
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Optical Properties 


Pleochroism .. a= Golden yellow. 
B = Pale yellow. 
y = Pale yellow. 
Refractive indices @= 1-638 
B = 1-658 { + 0-001. 
y = 1-670 
Birefringence .. Strong with middle second order inter- 
ference colours. 
Double refraction 
2V .. 76° (corrected for R.I. Segments). 
Sign .. Positive. 
Extinction .. a OOL = 9°; symmetrical on either side 


of the trace of the composition plane OOI, y coinciding with the microscope 
axis. Random sections, orientated with the twinning line bisecting the angle 
18-20°, between the extinction positions of a of two adjacent bands are 
noted. The adjacent lamelle of such grains show equal illumination eight 
times on a complete rotation of the stage. 


REFRACTIVE INDICES AND OPTIC AXIAL ANGLES 


A reference to the refractive indices of 29 chondrodites (Table V), 
nine clinohumites (Table IV) and ten humites (Table VI) collected from 
literature indicates that there is considerable overlap in the R.I. values of 
a, 8B and y. With reference to these three humite minerals, on the basis of 
the available data, it may be tentatively inferred that a humite mineral is 
chondrodite provided a is less than 1-607, or f less than 1-619 or y less than 
1-639. Also, if 8 is more than 1-655 or y more than 1-675, it can be clino- 
humite. The identification of norbergite is best done by its optic axial angle 
2V., = 44-50°. Only eight values of 2V., are available for humite and eight 
for clinohumite. The range in the former is 65-84° while in the latter it 
is 58-90°. Out of the sixteen readings available for chondrodite the range 
is 70-90°. 

OPTICAL PROPERTIES AND CHEMICAL COMPOSITION 


The relation between the chemical composition and optical values for 
the humite mineral cannot be made out, as the available data are too scarce 
to draw a generalised conclusion. Further the refractive index is influenced 
by the chemical content of various constituents like FeO, MnO, TiO,, F 
and H,O. However, it may be mentioned that Thiele (1940) shows that 
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the mean refractive index of chondrodite increases with increase in Fe?+ 
and Fe*+, as shown in Table VII reproduced from Thiele. 


Prof. 
Extinction a 001 miner 
Though the determination of the refractive indices and optic axiatl si 
angles are not useful in the specific identification of humite, chondrodite : 
and clinohumite, the extinction value a ( OOI is a useful criterion. The oa 4 
recognition of the morphological feature (001) depends on the crystal being a ' 
twinned on (001). If the orientation of the grain is such that if a tilt on the seeel 
N.S. axis in the U stage preferably does not exceed 15°, y being made to hotc 
coincide with the mircoscope axis, the symmetrical extinction (1951) for the | ™° 
humite minerals is as follows: 7 
Humite 
Clinohumite 7-15°. 
Titan clinohumite a 20°. 
Chondrodite  26-30°. 
For the mineral under study, the extinction is 9°; indeed, grains with oriev- Be 
tation exactly perpendicular to y, giving symmetrical extinctions, without Dana 
a need for investigation on the U stage, confirmed the correctness of the : 
identification. 
X-Ray Powder Data Hess 
In the absence therefore of twinning lamellez, the specific determination — 
of a humite mineral is practically impossible. The only method is to compare 
the X-ray powder pattern with a standard pattern of humite mineral. Here eaci 
again the purity of the mineral for taking the standard should be rigidly Lindb 
ensured. Sahama’s standard No. 865+ 9, of clinohumite Hameenkyla, Naray: 
Finland, serves the purpose of a standard. Mal 
Table VIII gives the X-ray data for glancing angles (20), d-spacings _— 
(d) and estimated intensities (I) of the lines for the Sausar series mineral and a 
Sahama’s standard. The patterns were obtained in both cases by Philips 
Geiger Counter X-ray spectrometer, using Cu-Ka radiation and nickel filter. aan 
The asterisks in the column 20 are recommended as diagnostic of clino- — 
humite by Sahama. The identification is well established. — 
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FIG, 1, Clinohumite—Symmetrical extinction. FIG, 2. Clinohumite—Symmetrical extinction. 
x 12. 


FIG. 3, Clinohumite with calcite, forsterite, 
tremolite and spinel. x 12. 


Fic. 4. Clinohumite— Polysynthetically twinned. FIG. 5. Clinohumite with calcite, spinel 
x8. and phlogopite. x 12. 
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STUDIES ON THE RELATION BETWEEN 
CHEMICAL CONSTITUTION AND ULTRAVIOLET 
ABSORPTION SPECTRA OF OPTICALLY ACTIVE 

AND RACEMIC COMPOUNDS 


Part VII. Correlation of Absorption Maxima, ,,,,. and Characteristic 
Wavelengths, \,,, of Camphor-8-Sulphonyl-phenyl, -tolyl (o-, m- and p-) 
and Naphthyl (a- and £-)-amides 


By BAWA KartTar SINGH, F.A.Sc. AND SHIVA MOHAN VERMA 
(Organic Chemistry Research Section, Banaras Hindu University) 


Received March 19, 1958 
ABSTRACT 


The ultraviolet absorption spectra of camphor-f-sulphonyl-phenyl, 
(o-, m- and p-) tolyl, (a- and B-) naphthylamides have been determined 
in methyl alcohol, ethyl alcohol, and chloroform. The absorption 
spectra of all the compounds show two absorption bands: one varying 
from 267 to 284 mp, the longer absorption maximum (A,,;.) due to 
selective absorption of the keto group, and the other shorter one, ranging 
from 226 to 230 my, due to general absorption o: the saturated molecules. 
The values of the characteristic wavelengths, A9,, obtained from Drude’s 
one-term equation, have been compared with the absorption maxima, 
Anax» Obtained by direct measurements. There are marked discre- 
pancies in the values of A, and A,,,. An explanation of the discre- 
pancies is given. 


The nature of racemic modifications of the compounds has also 
been discussed. 


IN continuation of Part VI‘ of this series, we describe, in this communication, 
the ultraviolet absorption spectra of (d and d/) camphor-f-sulphonyl-phenyl, 
o-tolyl, m-tolyl, p-tolyl and naphthyl (a- and f-)-amides in methyl alcohol, 
ethyl alcohol and chloroform. The ‘ characteristic’ wavelengths, Ags, cal- 
culated from Drude’s rotatory dispersion one-term equation? have been com- 
pared with the absorption maxima, A,,,,.. obtained by direct measurements. 


The absorption measurements of the dextro and the racemic forms of 
these compounds have been studied with a view to throw further light on the 
nature of these racemic modifications investigated by us? earlier by the appli- 
cation of melting point-composition diagram of Roozeboom, 
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EXPERIMENTAL 


The compounds mentioned above were prepared and purified according 
to methods described previously.2 The absorption measurements were 
carried out in spectroscopically pure solvents with Beckman DU Spectro. 
photometer. The molecular extinction coefficients, «, were calculated from 
optical density at different wavelengths, but only their peak values (e,,,) 
corresponding to the absorption maxima, A,,,,, are given in Table I. The 
absorption spectra curves (Figs. 1-6) were prepared by plotting the molecular 
extinction coefficients (e) against the corresponding wavelengths (A). 


METHYL ALCOHOL CHLOROFORM ETHYL ALCOHOL 

90} 
~ 
80 @ df-FORM 0----@ 
z Q 
60} \ 
@ \@ 

\ ® 

fo} 

20 250 240 250 260 270 280 245 255 265 275 220 230 240 250 260 270 280 290 


xn mM. 


Fic. 1. Camphor-g-sulphonylphenylamides. 


The rotatory dispersion of d-camphor-f-sulphonyl-a-naphthylamide, 
which was not given in chloroform in the earlier paper,” has been determined 
and recorded in Table VI. 


DISCUSSION 


The most frequent representation of rotatory dispersion is given by 
Drude’s equation, 


TABLE I 


[ ] A2 Ay? 


31 


~ 
~ 
4 
~ 
5 
SS 
2 
8 
RS 
§ 
1S) 


9-065 


0: 6966 
0: 


oe 


0: 


0-8092 
8-8€9 


oe 


0:SLE 


$6:097 


8-788 


0: 
0-859 
0-068 
6-609 
$-089 


$-09¢ 


0-S708 
6: 808 


WIOJOIO[GD 


joyooye 


oyooye 
WIOJOIOTYD 


joy 
-ooye 


[oy 
WIOJOIOTYD 


-ooye 


joyooye 


oprurejAusyd | 


oprureyAusyd | 


ur 


“xem, 


JUSATOS 


JOUIOSI-/p 


JOUIOSI-p 


punodutog 


I 


0- + + | + | | + + | . 
m 
\o vey a) imal nN a) 
nN ~ vr 
he Q a a a 
ar 
I 
1 
~N EN ON Ao. 
AN AN AN AN A? AA AN 
AN AN AN aA: aN 
de, 
1ed 
by 


ex. - 


49410 [Te JO SUOTINTOS 19d 10-0 19d UF SUM + 
donenbs s,opniql poureiqo "y « 


L186 $+ L186 joyooye 
b-ZILP 0: oprure Ayr 


0966 0: joyooye 
LLIP 0: 168b 


1S09 


0: 7966 b-O1L6 joyooe 
9ESS 0:06S9 oprure[ Ay 


€S€6 0: S766 joyooye 


€:LL9 -O10]YD 


¢-90S8 0: 1962 joyooye 


0-L998 joyooye 
€°8eL 7: 90L 


BAWA KARTAR SINGH AND SHIVA MOHAN VERMA 


remy Oy ur JUDATOS punoduiog 
JOWOSI-p 


32 
+ 
w 
3 
wv 
| 


concentration, whereas O0-O1 per cent. solutions of all the other 


was taken in 0-004 per cent. 
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*., obtained from Drude’s one-term equation.* 
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METHYL ALCOHOL 


€ X10~ 


CHLOROFORM 


€ x10 


gn 


ETHYL ALCOHOL 
€ 
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Fic. 2. Camphor-f-sulphonyl-c-tolylamides. 
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In this equation the summation contains several partial rotation terms, such 
as, 


K’ | K” 


where K’, K’, K’’, .... , etc., represent the rotation constants and A9’, A’, 
Ao”, etc., the ‘ characteristic’ wavelengths governing the rotation. Accord- 
ing to theoretical considerations, the ‘ characteristic’ wavelengths, Ags, are 
those at which the molecule absorbs radiation strongly and these should cor- 
respond to the frequencies of the equivalent classical electronic oscillators in 


the molecules. In the case of most optically active organic compounds, it is 
found that the one-term Drude equation, 


K 
[a] = 
is usually sufficient to fit the observed values of rotations. The value of ), 


in this equation should be equal to the absorption band in the ultraviolet or 
visible region of the spectrum. 


METHYL ALCOHOL CHLOROFORM ETHYL ALCOHOL 
x 107? © x107? 
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Fic. 4. Camphor-g-sulphonyl-p-tolylamides. 


As stated in the previous communications,** generally the rotatory dis- 
persion is expressed by one- or two-term Drude’s formula, whereas the sum- 
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mation includes several terms of which the one or two terms may be more 
important than the succeeding ones, which either are too small or may nearly 
cancel each other and are, therefore, neglected. It is, thus, clear that this 
mode of representation by one- or two-term formula is far from reality. The 
terms found necessary in one- or two-term equation of Drude, within the 
limits of experimental error, thus, approximately represent the main contri- 
bution to the optical activity. In this paper we have shown that the one- 
term (simple), as well as the two-term (complex) equation of Drude, both 
equally well represent the observed rotatory dispersion of the compounds 


METHYL ALCOHOL CHLOROFORM ETHYL ALCOHOL 
€ x10" € x107 € x10? 

- — 
‘ 


220 230 240 250 260 270 280 245 255 265 275 285 220 230 240 250 260 270 280 290 


A™AM. 
Fic. 5. Camphor-g-sulphonyl-a-naphthylamides. 


within the limits of experimental accuracy (Tables II-VI). The rotatory 
dispersion of the compounds had already been reported ‘ simple’ as the 
observed values were in good agreement with those calculated from the one- 
term equation (Tables II-VI) but the characteristic wavelengths derived from 
the dispersion constants of these equations do not agree with the absorp- 
tion maxima, A,,.., obtained by our present measurements (Table I). In the 
column of differences, Ay — Amz, (Table I), these values range from —-5 to 
—62-1 mp, which are, therefore, considerable in several cases. Working 
in the reverse way, by substituting both the absorption maxima (A, ,,,,. and 
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Ae max.) for the characteristic wavelengths (Ags), governing the rotation, in the 
two-term (complex) Drude formula for rotatory dispersion, namely, 


[a] = + 


we find that the values of the rotatory powers calculated from these two- 
term (complex) formule like those from one-term (simple) formule already 
reported agree equally well with the observed values of rotatory power 
(Tables II-VI). The ‘characteristic’ wavelengths (Ags) derived from one- 
term formula, being different from the absorption maxima (A,,,,.) obtained 


experimentally, are thus hypothetical, which explains the discrepancies bet- 
ween them. 


METHYL ALCOHOL 


CHLOROFORM 
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5 Z Q 
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EXTINCTION COEFFICIENTE)o, 
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Fic. 6. 


ABSORPTION SPECTRA CURVES OF CAMPHOR-8-SULPHONYL-PHENYL, 0-TOLYL, 
m-TOLYL, p-TOLYL, a-NAPHTHYL AND B-NAPHTHYLAMIDES 


The ultraviolet absorption spectra curves of camphor-f-sulphonyl- 
phenyl (Fig. 1), o-tolyl (Fig. 2), m-tolyl (Fig. 3), p-tolyl (Fig. 4), a-naphthyl 
(Fig. 5) and f-naphthyl (Fig. 6) amides (d and d/) in methyl alcohol, ethyl 
alcohol and chloroform (chloroform not transparent below 245 my) ar¢ 
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practically identical. The absorption curves of the dextro and the racemic 
forms of these compounds in different solvents (Figs. 1-6) show two maxima, 
one a weak band, A,,,,. varying from 267-84 mp which is due to the selective 
absorption of the free keto group present in the compounds and the other, 
an intense band, A,,,. ranging from 226-30 my—due to general absorption 
of the saturated molecules. Camphor-f-sulphonyl phenylamide shows 
selective absorption at the longer wavelength (A,,,,. 273 mp, €«,,,,. 460-5-808-9 
in different solvents, Table 1) and the substitution of a methyl group in the 
ortho position of the phenyl nucleus shifts the absorption maximum towards 
the shorter wavelength side (A,,,,. 267 my, €,,,,. 609-9-680), whereas this group 
in the meta position (A,,,,. 275 mp, €,,.,, 658-914-15) and in the para position 


278 mp, €,,,,. 497:5-741-5) shifts them towards the longer wavelength 
side (bathochromic effect). 


TABLE VI 
Rotatory dispersion of d-camphor-f-sulphonyl-a-naphthylamide at 35° C. 


Solvent Chloroform (1 per cent. solution) 


Calculated 


Equation Observed 
[a] bal 14-63 1-55 13-0 


—»—0-0545 + 


Lines (A) o—c o—c 


6708 37-0 36-99 + -01 36-93 + @ 
6438 40-0 40-63 — -63 40-59 — 9 
6104 46-0 46-0 + 90 45-99 + -01 
5893 50-0 49-98 + & 50-01 — 01 
5780 52-0 52°28 — °28 52-36 — -36 
5468 60-0 59-83 + 59-92 + 
5461 60-0 60-03 — -@3 60-11 — il 
5209 67-0 67-48 — -48 67-65 — -65 
5086 71-0 71-68 — -68 71-90 — -90 
4800 82-0 83-17 —1-17 83-58 —1-58 
4678 90-0 89-04 + -96 89-58 + -42 
4603 93-0 93-0 + © 93-63 — -63 
4358 109-0 107-97 +1-03 109-0 > » 


The bathochromic shift of the ketonic band is also observed when the 
phenyl group of camphor-f-sulphonyl phenylamide (273 my) is replaced by 
napthyl groups (a-, A,,,,. 284 my, «,,,. 4213-6590 and A,,,. 278 mp, 


3463-4891). The absorption maxima of the naphthyl (A,,,,. = 275 mp) and 
A4 
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the keto (A,,,.. = 278 mz) groups are nearly equal but the absorptive power 
(€,,.x.) Of the naphthyl group is much greater than that of the keto. The 
weaker absorption band of the keto group is thus submerged in the more 
intense band of the naphthyl group (Figs. 5 & 6 and Table [). 


NATURE OF THE RACEMIC FORMS 


The racemic forms of the optically active compounds were found to be 
racemates (d/) in the solid state? by the melting point-composition method of 
Roozeboom. The ultraviolet absorption spectra of the racemic forms have 
been now found to be nearly identical with those of the corresponding dextro 
forms (Figs. 1-6): the slight differences being in the values of molecular 
extinction coefficients, «, in the two cases, whereas the values of absorption 
maxima (A,,,,.) are identical (Table I). From the nearly identical absorption 
spectra curves for the dextro and racemic forms, it may be concluded that 
the racemic forms have almost completely dissociated in very dilute solutions 
into the optically active and opposite forms. 
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ABSTRACT 


The application of Delahay’s theory of kinetic polarographic cur- 
rents as applied to the reduction of pyruvic acid bas been examined. It 
is shown that the agreement between Delahay’s theery and the available 
data is more satisfactory, if one assumes that the current is controlled 
by the rate of the reaction between pyruvate ion and water molecule 
forming pyruvic acid and hydroxyl ion, than when one assumes the 
mechanism suggested by the earlier workers involving the rate of reaction 
between pyruvate ion and hydrogen-ion, both from the point of view of 
the magnitude of the diffusion current as well as its pH dependence. The 
results give an indication of the latter reaction being sluggish due to the 
activation energy requirements. 


THE reduction of pyruvic acid at the dropping mercury «lectrode has been 
studied by a number of workers.!_ A systematic study in buffer solution 
was made by Muller and Baumberger? who showed that at pH values 
smaller than 4-1 only one wave occurs. At higher pH values, upto a pH 
of 8, two waves are observed. The first wave, which occurs at all the pH 
values, corresponds to the reduction of the free acid as shown by Brdicka.* 
Delahay* worked out the formulation for the kinetic polarographic cur- 
rents and applied the theory to the data obtained on the reduction of pyruvic 
acid.> The object of the present paper is to examine the possible mechanisms 
for the reduction of undissociated pyruvic acid in relation to the general 
theory of Delahay and the available experimental data. 


An examination of the values of diffusion currents for the first wave 
for the reduction of pyruvic acid at different pH values shows that at the 
higher pH values, the observed diffusion current is much higher than the 
value got from the Ilkovic equation on the basis of the concentration of the 
undissociated acid. For example, at a pH of 6-87, the concentration of 
the free acid would be 7x 10-* mole per litre and the corresponding calcu- 
lated diffusion current would be about 3x10~ microamp.5 The observ- 
ed value, however, is 0-42 microamp., which is greater than the theoretical 
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value by a factor of about 100,000. It is obvious, therefore, that this is a 
case wherein the polarographic current is determined not only by the diffu- 
sion of existing free acid molecules but also by the diffusion of the undis. 
sociated acid molecules formed from the anions. 


The following are the two mechanisms which can give rise to the 
undissociated molecule: 


(i) A7+H,O* = HA+H,0 
(ji) A7+H,O = HA-+OH-. 


Delahay has applied his theory for the mechanism (i), which will be dis- 
cussed first. Whereas the resulting equation for the diffusion current is 
generally in agreement with the experimental data, he has pointed out* that 
the value for k, calculated on the basis of mechanism (i) from the observed 
diffusion current comes out to be 2:12 10" (moles per c.c.)-! sec.-! The 
application of the Onsager’s theory of combination cf ions® would, on the 
other hand, lead to a value of 5-1 x 10!* sec.-! (moles per c.c.).-! Thus the 
polarographic value of ky on the basis of mechanism (i) comes out to be 
more than 200 times smaller as compared with the value based on Onsager’s 
theory. Furthermore, if one calculates the polarographic value of k, from 
Delahay’s data corresponding to a pH of 6-11, one gets a value about 2,000 
times smaller than that got on the basis of Onsager’s theory. 


Let us now examine the pH dependence of the diffusion current in 


relation to the mechanism (i). The equation for polarographic current 
comes out to be 


iav = X 1-255 9+ Cy- ra (1) 
where K is the dissociation constant of pyruvic acid in moles per litre, k; 
the Onsager’s Coefficient for recombination of pyruvate and hydrogen-ion 
in (moles per litre)-' sec", C®y,o+ and C,- are the bulk concentrations 
of hydrogen-ion and pyruvate ion in moles per litre, m and 7 are the capil- 


lary constants in mg. per sec., and sec. respectively, and Dy, is the diffusion 
coefficient of pyruvic acid in cm.” sec.-! 


It is clear therefore that the diffusion current is proportional to Cy,o+ x 
C.-. Since the pK of pyruvic acid is 2-55, the concentration of undissociated 
pyruvic acid would be negligible at pH values greater than 4-55. Thus 
for pH values greater than 4-55, one can replace C,- in equation (1), by the 
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total concentration of pyruvic acid. At constant total concentration of 
pyruvic acid, one gets the relation: 


lav Cy,0+ 


log iav + pH = K,. 


(2) 


The values of igy corresponding to the various values of pH are taken 
from Delahay’s paper.® Table I, column 3 contains the values of the con- 

stant as per relation in equation (2). An examination of the values shows ‘ 
that the constant varies from 4-96 to 6-49. 


TABLE I 


(microamps.) pH K; 


5-78 4-2 4-96 
5-92 


6-42 


5°21 


3S 
2°45 


5-89 


5-95 6°34 


6-13 


1-04 


6-11 


0-79 6°32 6°22 


6-37 


0-65 6-56 3-09 


0-42 


6-87 6-49 3-06 


We shall now proceed to examine mechanism (ii). Applying Delahay’s 
theory, we get, 


IC 
. = Dua + kpCow- — Cua} (3) 


where Cy, is the concentration of pyruvic acid near the interface at a dis- 
tance x and time ¢, k, kinetic theory constant for the reaction between HA 
and OH- and C°,,, is the bulk concentration of pyruvic acid. It is assumed 
that Coy- is the same at the interface and the bulk. Putting the appropriate 
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boundary conditions, applying the Laplace Transformation and integrating 
we get, 


x erfc (krCon- | 


+ (krCon Et)! 


From equation (4), one can calculate Dy, (3Cy4/)*)xz-9 Which gives the flux of 
HA at the electrode. Taking into account the area of the electrode, the 
number of electrons involved in the electrode reaction and the constants 
of the capillary, and applying correction for spherical diffusion, we get, for 
the average polarographic current (for high values of k,Cox-), 


len = 1°255 x 10 65 


Putting 


Cua = and Clon Kw ; 


} 


Applying equation (6) for the data of Delahay and putting 
m= 1:53 +r=3°85 Dy, = 0°44x10°, n=2 


Kwiso°c.) => 1-3 xX 10-4, K => 2°8 x 10-3, Cu,o* = 1-35 107 
(pH = 6-87) 


C,- = 1-5x 10-3 (moles/litre), ig, = 0°42 


ky = 3-2x 10'* (moles/litre)-! sec 


= 3-2 10" (moles/cm.*)_ sec. 
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In the absence of any activation step, this kinetic theory constant k; 
may be expected to be of the same order as the Onsager coefficient for 
recombination of ions (5x 10!*). The observed value is therefore no doubt 
on the high side. But, the agreement is more satisfactory than with 
mechanism (i). 


We shall now proceed to consider the pH dependence of the diffusion 
current on the basis of mechanism (ii). From equation (6), it is clear that, 


ig 


At high values of pH, one can replace C,- by the total concentration 
of pyruvic acid as already pointed out. Thus we get for any particular con- 
centration of pyruvic acid, 


ig C*y,ot 


log iq + 4pH = Ky. (7) 


The values of K;; of equation (7) as worked out from Delahay’s data are given 
in Table I, column 4. One can see from these values that the constants 
show less variation than what was obtained for mechanism (i) (cf. column 3), 


It is clear from the above discussion that mechanism (ii) is in more 
satisfactory agreement than mechanism (i) with the experimental data; 
this is particularly striking in the region of higher pH.* 


It is of interest to examine the possible factors which may cause the 
failure of mechanism (i). The only important factor appears to be that 
the equilibrium represented by the mechanism (i) is highly sluggish and 
therefore becomes inoperative. In fact it would be sufficient if the slug- 
gishness corresponds to one out of hundred thousand collisions being effec- 
tive in the recombination of pyruvate and hydrogen-ion. It is of interest 
to examine this by suitable relaxation methods. The reaction between 
OH- and HA on the other hand appears to be a fast reaction, every collision 
being effective in bringing about the reaction. 


It is of interest to consider the factors which can increase the value of 
ky above that given by the Onsager theory. A similar result was observed 


* The deviation at lower pH is perhaps due to the change in the composition of the buffer. 
At pH values lower than 6, the phthalate buffers have been used whereas phosphate buffers are 
used at higher pH. 
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by one of us while working out the theory of auto-inhibition of fluorescence’; 
a close examination of the case indicated polymerisation as the cause, 
Similarly, the present higher value may be connected with a tendency on the 
part of the undissociated pyruvic acid and the hydroxyl ion to form a com. 

This inference however is purely tentative, since effect of other factors 
such as the activity coefficient, adsorption at the interface, etc., would have 
to be taken into account, before a final conclusion is reached. 


plex. 
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THE FORCE CONSTANTS OF NITRYL CHLORIDE 
AND NITRYL FLUORIDE 
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Received January 30, 1958 
(Communicated by Prof. R. S. Krishnan, F.A.sc.) 


INTRODUCTION 


MOLECULES of the type XYZ, generally belong either to the point group 
C; or to Cyy. In the former case the molecule is nonplanar, while in the 
latter all the four atoms lie in a plane which itself is a plane of symmetry. 
An investigation of the Raman spectra with the polarisation of the Raman 
lines will enable one to decide between these two types of symmetry. If 
the symmetry is C, there will be four polarised Raman lines, whereas there 
will be only three polarised lines for symmetry C,». These considerations 
have been used by Allen and McDowell:(1955) to suggest that the molecule 
thionyl chloride (CSC1,) is nonplanar and of point group Cg instead of C.y 
as was assumed earlier by Duchesne (1941, 1954). 


A number of investigations on the vibrational and microwave spectra 
of the compounds nitryl chloride (NO,Cl) and nitryl fluoride (NO,F) have 
been recently reported and the results indicate that the molecules are 
planar. The infrared spectrum of nitryl chloride in the gaseous state and 
the Raman spectrum in the liquid state are studied by Ryason and Kent 
Wilson (1954) and an assignment of the fundamental frequencies has been 
made. The infrared spectrum of gaseous nitryl fluoride and the Raman 
spectrum of the liquid at— 95°C. are reported by Dodd, Rolfe and 
Woodward (1956). The microwave spectrum of NO,CI has been investi- 
gated by Millen and Sinnot (1955). The present investigation deals with the 
evaluation of the force constants in a valence force potential function using 
the Wilson’s matrix method. 


SYMMETRY CONSIDERATIONS 


It is well known that the six fundamental vibrations of a molecule of 
type XY.Z (point group C2») have three vibrations of class A,, two of class 
B, and one of class B,. The last one is an out-of-plane vibration and we 
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shall not consider it here. The symmetry co-ordinates for the planar vibra. 
tions are:— 


Type Ay: 
R, => 4D 


(4d, + Ad,) 


(24a — 4B, — AB.) 


R, = V3 


(4a + 4B, + 48). (redundant co-ordinate) 


Type B,: 


l 
Rs = /2 (4d, — 4d;) 


1 
= v2 AB,). 


Where D, dj, a and f; denote the equilibrium values of the distances 
X — Z and X — Y; and the angles Y,XY,. and Y,XZ respectively. 


Using these symmetry co-ordinates the following G matrix elements 
can be obtained. 


Type Ay: 
Gy = + pz. 
= 2px cos B. 


Gis Pix {sin F (1 — cos a) |}. 


Gop = py + px (1 + cos a), 


Gas = 7H { — 4008 8) cos 


+ (q — pcos B) (1 + ¢0s a)] — 2p sin a}, 


a 

a 

\ 
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4cos B 
sin a sin B 


G33 = {5 (1 — cos a) 


+ px — cos a) + $sin* B [2 (p — qcos 
+ (q — pcos (1 + cos a) + 4(p — 
4 


xX (q — pcos B) cos — can! — 


x [2 (p—q.cos f) cos B + cos f) (1-+ cos 


Type B,: 
G55 = by + px (1 — cos a). 
= sin B@ pcos (1 — cos a). 
2 
Gos = mvp? + (1 — cos a) + — pcos 
x (1 — cos a). 
Where 4; represents the reciprocal of the mass of the atom i, p = I/d 
inces and = 1/D. 
The molecular dimensions of the nitryl chloride as given by Millen and 
nents Sinnot (/oc. cit.) are d(N = 0) = 1:16A. D(N—Cl)=1-98A. a = 130° 


and 8 = 115°. For nitryl fluoride Dodd, etal. (loc. cit.) have given the 
dimensions d(N=0)=1-:22A, D(N—F)=1:5A, a= 145-155°, 
The mean value of 150° has been taken in the present investigation for a and 
hence 8 = 105°. The reciprocal masses of the atoms are 1c, = 1-698 x 1022; 
= 3°169X po = 3-764 1072 and = 4-301 x Using these 
values the following G matrices have been obtained. 


NO,Cl Type A,: | 5-999x10?2 —2-57x 107? 8-231 x 10% 
5°301x 1072 —4-92 
2°414x 10% 


Type B,: | 1-0829x 102 —6-776x 10% 
1-0163 x 10 


NO.F Type A;: | 7-47 x 102 —1-574x 5°558 x 


4-3403 x 1072 —3-054x 10% 
2°3756 x 


Type B,: | 1-179x 1088 —7+303x 10% 
| 1-199 x 10 


4 
| 
| 
| 
| | 
| 
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The potential energy function—The potential energy function assumed 
2V = fp4D? + fa (4d,? + Ad,”) + 2f aqa4d,4d, + 4a? 


+ df + + pg 4B. + 2d*fagda 
x (4B; + 4B.) + 2fan4D (4d, + 


The factored F matrix elements are: 


Type A,: 

F,, = fo. 

Fi. = Fy = V2 fav. 

F,; = F3, = 0. 

F2 = fa + faa- 

= = 0. 

= 4.4? (2f. + fe + Sep — Vag). 
Type B,: 

Fs5 = fa — faa- 

Fse = Fes = 0. 


Fog = ( fp — 


FUNDAMENTAL FREQUENCIES 


In the case of NO,Cl, Ryason and Kent Wilson (/oc. cit.) have assigned 
the frequency at 411 cm.-' to the species B, and the line 615 cm.— to the 
species A,. But Dodd etal. have later suggested that the line 411 cm 
has to be assigned to the species A, and the line 615 cm.—! to the species B,. 
The fundamental frequencies and their assignments for the molecules NO,CI 
and NO.F are given in Table I. 


TABLE I 


Frequencies in cm. 


Molecule Vy vg (Ay) vq (B,) vs (B,) vg (Bs) 


NO,Cl 1293 794 


822 


411 1685 367 651 
460 1793 570 742 


1312 
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FORCE CONSTANTS 


The secular equation for the type B, vibrations is a quadratic one and 
hence will yield two values for each of fa — faa and d*(fz — fgg). One 
of these will not be quite acceptable because it yields a low value of the 
N=O stretching constant and a high value for the deformation of the angle 
8. The other solution gives for NO,CI, F;; = 8-963 10° and Fe, = 8-378 
x10-2 and for NO.F, F;, = 8-82 10° and Fe. = 10-4. 


In the case of NO,F the following combination of the F matrix ele- 
ments were found to be most satisfactory for the type A, frequencies 


F,, = 3-516 x 10%, F,. = 12°9x 10°, F33 = 4-303 x 10-72. 


These were obtained by giving a series of values to F,, starting from 
8-82 10° and finding out the corresponding values of F,, and Fy, in each 
case from two equations, namely those for A, + A, + As and A,A,A3, where 
\; = 4n°c?v;2,_ These are then substituted in the equation for A,A, + AgAg 
+ A,A, to get the best agreement between the calculated and observed values. 


In the case of nitryl chloride, if only the diagonal terms in the F matrix 
for species A, are retained it was found that when F,, was increased beyond 
10°5x 10° dynes/cm., the equation did not yield real solutions. Values 
lower than this is not considered as probable because it will lead to a low 
value for the force constant corresponding to the stretching of N =O bond. 
Hence the non-diagonal term F,, (or 1/2 fap) was introduced. The most 
probable values of the constants are then determined in the manner describ- 
ed above and these are F,, = 10°; F,,=2x10; 
F;3 = 6-08 x 10-1". F.. and F;5 occur as the sum and difference respectively of 
fa and faq and hence the individual values of fg and fgg can be easily deter- 
mined. F,, is the value of fp itself and F,, is only ~/2fgp. 


Now we have Feg = d? (fg — fgg) and Fy3 = 4 d? (2f. + fe + See — 4f.g). 
It is not possible with the available data to separate out the individual con- 
stants occurring in these combinations unless we make some assumptions. 
For instance as a first approximation we may neglect the interaction terms 
fg and obtain the value of fg from Fee. In a similar manner we may also 
neglect the value of the interaction term f,, and obtain the value of f, from 
F;3. The values of the force constants thus obtained are necessarily approxi- 
mate. It is to be mentioned however that the combinations of the force 
constants given as elements of the F matrices may be used as such if we want 
to determine the normal co-ordinates or the transformations between normal 
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co-ordinates and internal co-ordinates which are required in the intensify 
problem in infrared and Raman effect. 


The individual values of the force constants obtained for NO,Cl ang 
NO.F are given in Table II. The force constants are given in 10° dynes/om 


TABLE II 


Molecule Sa Sia fo Sw Se Se 


NO,Cl .. 9°48 0-52 4-19 1-41 0-36 0-62 
NO,F .. 10°86 2-04 3°51 —0°13 1-13 


Even though the molecules NO,Cl and NO,F are of similar type, the 
fundamental frequency of the corresponding linkage N =O as well as the 
bond length are different in the two cases. This might account for thg 
difference in the values of the calculated force constants. 


It can be seen that we are not justified in neglecting the interaction terms 
fag and fag particularly in the case of NO,F since this leads to a negative 
value for f, which is not correct. 


‘In the present investigation we were concerned only with the fore 
constants corresponding to the modes of vibrations confined to the plang 
of the molecules. The out of plane vibrations are not considered becaus¢ 
they require different symmetry co-ordinates and potential function, and 
this investigation using a slightly modified method is under progress. 


The author wishes to express his grateful thanks to Professor R. & 
Krishnan for his kind encouragement and interest. 


SUMMARY 


The force constants of two molecules, nitryl chloride and nitryl fluoridé 
have been calculated using the Wilson’s matrix method for a valence fore 
potential function. Only the frequencies of the inplane vibrations hav 
been considered. 
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